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are observed in the fresh and deactivated catalysts, indicating that ZnAl 2 O 4 phase can be formed after reduction by H 2 . In the XRD pattern of the fresh catalyst, no diffraction peaks of Cu 2 O and CuO can be detected, that is, CuO was completely reduced to metallic copper after reduction. The fact that the similar XRD patterns of fresh and deactivated catalysts, indicates that surface oxidation of metallic copper is not the cause of deactivation, but the characteristic peaks of metallic copper in the deactivated catalyst became sharper than that of the fresh sample, which suggests that the deactivated catalyst exhibits significant growth of Cu crystallites.
It was reported that the presence of chloride could accelerate the surface migration process of metallic copper and promote the growth of crystallite and catalyst agglomeration. [S1,S3] Hence, it can be speculated that the small amount of residual chloride ions during the preparation of L-Phenylalanine methyl ester would promote the growth of metallic copper crystallites, which is responsible for the decrease in the catalytic performance of the CZA-0 catalyst. 10 20 30 40 50 60 70 80
. XRD patterns of deactivated, fresh, and unreduced CZA-0 catalysts.
The morphology of the CZA-0 catalyst
The TEM images of the fresh and deactivated catalysts are in Fig. S3 . It can be seen that the Cu 0 particles of the fresh catalyst are of uniform distribution and its size is 4−8 nm. For the deactivated sample, the agglomeration of Cu 0 particles could be observed and its average grain size was above 15 nm. These results are in good agreement with the crystallite size of Cu 0 calculated from XRD patterns. 3. The surface composition of the CZA-0 catalyst.
The XPS spectra of fresh and deactivated CZA-0 catalysts are shown in Fig. S4 and their surface compositions are listed in Table S2 . Before the XPS measurement, the deactivated catalyst was pretreated with the ultrasonic washing using ethanol three times, and then was dried in a vacuum oven. As shown in Fig. S4 , the transition peaks of C 1s and N 1s were located at 282.7 and 397.4 eV, and for the deactivated catalyst, the peak areas of C 1s and N 1s are much larger than that of the fresh sample. As shown in Table S2 , the surface concentration of C and N were increased obviously after CZA-0 was used in the reaction, which shows that some compounds containing the N and C elements was formed on the catalyst surface and should be the insoluble polyamide. As the formed polyamide covered on the catalyst surface, the relative surface concentration Cu and ZnO species lowered comparing with the fresh catalyst, resulting in the obvious decrease in surface area, pore volume and average pore size for the deactivated catalyst.
The XPS peaks of Cu 2p 1/2 and Cu 2p 2/3 could be deconvoluted into two peaks. The Cu 2p peaks located at BE = 932.2 and 952.3 eV for the fresh sample (or 931.7 and 951.8 eV for the deactivated sample) are the characteristic XPS peaks of Cu 2+ species. [S4,S5] In addition, the presence of the satellite peak at ~942 eV showed also this Cu 2+ ion from ZnAl 2 O 4 [S4,S6] , which is in good agreement the results of XRD. The Cu 2p peaks at 930.2 and 950.2 eV for the fresh sample (or 929.7 and 949.7 eV for the deactivated sample) are the characteristic peaks of metallic copper or Cu 2 O, because the binding energy of metallic copper almost be the same as that of Cu 2 O. [S6] Comparing with the fresh CZA-0 catalyst, the Cu 2p peaks of the deactivated catalyst shifted to the lower binding energy of ~0.5 eV, which is attributed to the presence of N atoms on the deactivated sample. The electron-donating effect of N atoms makes the transition of inner electrons in Cu atom easier than that of the fresh catalyst, resulting in the reduction of the binding energy of the Cu 2p orbit. 
TG-DTG curves of the deactivated catalyst

Regeneration of the deactivated catalyst
Based on results discussed above, the blockage by polyamide is another important cause of the deactivation of the CZA-0 catalyst except the growth of metallic copper crystallites. Hence, the regeneration process for the deactivated CZA-0 catalyst was designed to be the treatment of oxidation -reduction, in which the deactivated catalyst was calcined in air at 450 °C for 4 h and then reduced by H 2 under a pressure of 1 MPa at 250 °C for 4 h in the stainless steel autoclave.
After that, the catalytic performance of the deactivated CZA-0 catalyst can be recovered to some extent, for instance, using this regenerated CZA-0 catalyst, the conversion of L-phenylalanine methyl ester of 96.7% and the yield of L-phenylalaninol of 78.4 % could obtained.
